Introduction
Tuberculosis (TB) remains a major challenge to public health worldwide. In 2011, the World Health Organization (WHO) estimated that there were about 12 million prevalent TB cases globally of whom about 630,000 were infected with strains resistant to at least both rifampicin and isoniazid (multidrug-resistant TB; MDR-TB) [1] . Inadequate use of anti-TB drugs to treat drug-susceptible TB favours the emergence of drug resistance. MDR-TB patients require combination treatment which commonly lasts 20 months or more, employing drugs which are difficult to procure and more toxic and expensive than those used to treat drug-susceptible forms of the disease [2] [3] [4] .
Over the last decade, countries of the former Soviet Union have reported the highest levels of MDR-TB infection among TB patients [5, 6] . In one of these countries, Uzbekistan, in central Asia, two sub-national studies performed since 2001 have detected MDR-TB in 13-15% of new TB patients and in 40-60% of previously treated patients [7, 8] . In 2011 Uzbekistan had a population of 29 million inhabitants and a Gross National Income of EUR 1,137 per capita, making it a lower middle income country [9] . The state Republican DOTS Centre (RDC) in the capital city Tashkent is responsible for the TB control services in all of the country's 14 administrative divisions, including the Autonomous Republic of Karakalpakstan. In 2011, Uzbekistan reported 15,913 TB cases, 28% of whom were culture-confirmed and 50% of these also had results for drug-susceptibility testing (DST) to both isoniazid and rifampicin [10] .
As estimates from subnational surveys may not necessarily be generalisable to a whole country, the RDC conducted the first nationally-representative study of anti-TB drug resistance based on a countrywide sample of TB patients in Uzbekistan. The estimate from this study would enable the national TB control programme and its partners, particularly Médecins Sans Frontières (MSF) and the Global Fund against AIDS, TB and Malaria (TGF), to better target their efforts and resources and understand the different risk factors associated with MDR-TB, including co-infection with human immunodeficiency virus (HIV). In this article we describe the main outcomes of the survey and we discuss their implications for the continued surveillance, prevention, diagnosis, treatment and scale-up of MDR-TB programme management in the country. We believe the findings of this study are relevant beyond the country's borders as they add to the current knowledge base about the burden of MDR-TB in eastern Europe [11] , a phenomenon that has a sizeable impact upon the epidemiology of TB in European Union countries as a result of migration and population movements [12] .
Methods

Sampling, recruitment and statistical analysis
The objectives of the study were to estimate (i) the proportion of new (TB treatment-naïve) and previously treated (four weeks of treatment or more) TB cases infected with MDR-TB strains; (ii) the proportion of MDR-TB cases infected with strains additionally resistant to fluoroquinolones and second-line injectable drugs (extensively drug-resistant TB; XDR-TB [13] ); and (iii) the magnitude of association between risk factors and infection with MDR-TB strains. Definitions used for previous treatment history and resistance patterns were as recommended by WHO [14] . A detailed survey protocol including associated costs was prepared according to these WHO guidelines and approved by the National Ethics Committee of the Ministry of Health.
The survey was carried out using non-invasive techniques employed in the course of regular investigation of any patient with presumptive TB. Patients were asked to sign their informed consent for participation. Confidentiality was respected during collection and storage of clinical data.
The sampling frame consisted of pulmonary TB patients diagnosed at public healthcare facilities in all administrative regions of Uzbekistan. All patients diagnosed with positive sputum smear on microscopy were eligible for inclusion. The sample size was calculated on the basis of new sputum-smear TB cases notified in the country in 2008 (n=5,234), an expected prevalence of 15% MDR-TB among new cases (based on the most recent survey in Tashkent) [8] , an absolute precision of 2.5% of the expected prevalence, and a 95% confidence level. A total of 818 new cases were thus required, inclusive of a 20% margin to cover for expected losses. As all previously treated sputumsmear positive TB cases presenting to healthcare facilities during the survey period were also to be recruited, 1,174 study subjects were targeted in total.
The survey was carried out over the 12 months until June 2011 using 100% sampling. The national sample was split among the different regions (Oblasts) according to the TB notification patterns from 2008. During the study period, eligible patients were referred from the districts to the regional-level TB dispensaries for enrolment, collection of sputa for the study and interviewing until the expected number of cases from each region was reached. Cases were excluded if they were sputum smear-positive at the end of a re-treatment regimen, or if sputum was collected 10 days or more into the current course of treatment, or if they did not or could not consent, or if they were not smear-positive, or were later found to be infected with strains other than Mycobacterium tuberculosis complex. All patients were offered HIV testing and counselling. A standardised information form was used to collect data ( Figure 1 ). Information was cross-checked with patient records when available and then transferred from the completed forms onto two electronic registers housed at the National TB Reference Laboratory (NRL) and the RDC and then merged.
The proportions used to describe the first-line drug resistance patterns among new and previously treated cases tested were weighted by the TB cases notified in each administrative region in 2011. Univariate analysis was used to study relationships between risk factors and MDR-TB, and associations with p<0.10 were further analysed using multivariable logistic regression. Effects were expressed as crude and adjusted odds ratios and p<0.05 was considered statistically significant. The associations were further explored by imputing missing values and by using random-effects modelling. Statistical analysis was performed using STATA SE/12.1 (StataCorp LP, TX, USA) and the ggplot2 package running in the R environment (R 3.0.1; [15] ) was used to produce all graphics.
Laboratory procedures
The country is covered by a network of over 320 laboratories which perform direct microscopy of sputum at primary healthcare level. Two laboratories in the country can perform both culture and DST for first-and second-line anti-TB drugs reliably: the NRL in Tashkent and the laboratory at the TB hospital in Nukus, Karakalpakstan. Both laboratories perform DST on solid and liquid media, line-probe assay (LPA) and participate in quality assurance programmes with the WHO supranational TB reference laboratories (SRL) in Borstel and Gauting, Germany. Laboratory capacity to detect drug-resistance has increased substantially in Uzbekistan since 2008 and more than a thousand MDR-TB cases are now detected each year in the country [1] .
For the purposes of the survey, 3 to 5 ml of sputum were collected from each study participant. If inspection of the specimen showed saliva or insufficient quantity, the patient was asked to provide a morning sputum the following day. Patients whose sputum was found to be smear-positive at the district or regional level laboratories using bright-field microscopy after hot ZiehlNeelsen staining, were requested to provide a second sputum specimen. The second specimens were stored between 4°C and 12°C for a maximum of six days before shipment to the NRL in Tashkent where they were rechecked using fluorescence microscopy after Auramine O staining. Specimens from Karakalpakstan and Khorezm were processed identically at the Nukus laboratory. Patients were considered smear-positive if at least one of two sputum specimens examined yielded ≥ 1 acid fast bacillus per 100 high power fields [16] . All specimens were processed using a modified Petroff-method or NALC-NaOH procedures and inoculated in both Löwenstein-Jensen medium and mycobacteria growth indicator tube (MGIT) liquid medium (Becton-Dickinson, New Jersey, United States). DST was performed using the method of proportion [17] and the MGIT system. Susceptibility patterns to isoniazid, rifampicin, ethambutol and streptomycin were determined for all cases. If the growth of isolates allowed, MDR-TB strains were additionally tested for ofloxacin, a second-line aminoglycoside (amikacin and/or kanamycin) and capreomycin. Positive cultures were tested using Genotype MTBDRplus (1st generation, Hain Lifescience, Nehren, Germany) for identification of M. tuberculosis complex and detection of resistanceconferring mutations to isoniazid and rifampicin. Each isolate, for which the results of genetic and phenotypic DST assays differed, was transferred to the SRL for determination of the final susceptibility pattern. If genetic mutations known to be associated with drug resistance were identified using Genotype MTBDRplus, the isolate was considered resistant to the respective drug. If no mutation was identified, the SRL repeated the DST in liquid medium and this result was considered definitive. Medicine in Antwerp, Belgium), and (iv) re-checking by the SRL of a randomly-selected sample of all isolates collected for the survey. A total of 90 MDR-TB isolates, 104 fully susceptible ones, 102 isoniazid-resistant and rifampicin-susceptible ones, and two isoniazidsusceptible and rifampicin-resistant were rechecked using WHO-recommended sampling parameters (14) . This control revealed 7/298 (2.3%) errors for isoniazid, 3/298 (1.0%) for rifampicin, 0/90 (0%) for ofloxacin, 6/90 (6.7%), 4/90 (4.4%) for kanamycin, and 5/90 (5.6%) for capreomycin.
Results
A total of 1,147 eligible culture-positive cases remained in the study, after exclusion of ineligible cases included in the original dataset ( Figure 2 ). The distribution of cases recruited in each of the administrative divisions in the country ranged from 3 to 12% of the total ( Table 1 ). The ratio of new cases enrolled in the survey to those actually notified in each administrative region also varied, from 11.6% in Karakalpakstan to 28.3% in Syrdarya (Figure 3 ). The majority of cases were male (642; 56%), under 45 years of age (685; 60%), native Uzbeks (1,124; 98%) and had not been previously treated (782; 68%). Thirty-two percent of cases (367) had attended university or a technical college, 86% (986) lived in a home they owned, 25% (287) were employed or studying, 6% (69) had a history of imprisonment and 43% (492) had been hospitalised in the previous 10 years. Intake of alcohol in the previous month was reported to be 'sometimes' or 'often' by 40% of patients (461), and 21% (239) had smoked regularly in the previous five years. HIV-infection was detected in 3% of cases (33) .
Of the 1,147 cases, 1,037 (90%) had DST results for all the four first-line drugs tested (isoniazid, rifampicin, ethambutol and streptomycin). Most cases with missing DST had a positive LPA test (95/110; 86%), while in the rest no DST result could be traced. The availability of DST results did not differ significantly by the patient characteristics studied (Table 1) . Table 2 shows the distribution of resistance to the four first-line drugs among new and previously treated patients for all 1,037 patients with DST results (percentages weighted for variations in notifications). Any resistance to one or more drugs was observed in 47% of new cases and 82% of previously treated, most often for isoniazid (42% in new and 79% in previously treated) or streptomycin (40% and 77% respectively). Most cases with rifampicin resistance were also resistant to the other three drugs (251/382) or to isoniazid and streptomycin (112), with only few cases (7) being mono-resistant to rifampicin. MDR-TB was detected in 372 cases (23% of new and 62% of previously treated cases). The percentage MDR-TB in both new and previously treated cases did not vary significantly when the analysis was repeated after imputing data for the 110 cases with missing DST results. A total of 14 MDR-TB cases (3.8%) were HIV-infected.
Resistance patterns by treatment history
There were 319 MDR-TB cases (86%) with DST results for at least one fluoroquinolone and one second-line injectable drug (Table 3) . Of these, 17 (5.3%; 95% CI 3.1%-8.4%) were resistant to both and thus XDR-TB. In addition, 23 cases (7.2%) were resistant only to fluoroquinolones and another 63 (19.7%) to second-line injectable drugs only. The prevalence of second-line drug resistance was comparable between new and previously treated cases. In 15 of 17 XDR-TB cases resistance was observed to all three second-line injectable drugs tested. None of the XDR-TB cases were HIV-infected.
Risk factors associated with infection with MDR-TB strains
At univariate analysis, significant positive associations with MDR-TB were observed with cases reported from Karakalpakstan and Kashkadarya (referenced to Andijan), age under 45 years, history of imprisonment or hospitalisation in the previous 10 years, and previous exposure to anti-TB treatment ( Table 1 ). The percentage of MDR-TB was significantly higher in Karakalpakstan compared to Samarkand and Surhadarya, for new cases, and to Namangan for those previously treated ( Figure 4 ).
When multivariable logistic regression was performed, MDR-TB was positively associated with age under 45 (Table 1) .
Discussion
This is the first nationwide, representative anti-TB drug resistance survey of patients presenting for treatment in Uzbekistan. The proportion of new cases with MDR-TB calculated from this survey is higher than that found in other studies performed in parts of Uzbekistan since 2001. The estimate for MDR-TB in previously treated cases is similar to the one observed in the capital city Tashkent in 2005 [8] but higher than that in Karakalpakstan in 2001-2002 [7] .
The proportion of MDR-TB among TB patients in Uzbekistan is among the highest being reported by former Soviet Union countries in recent years [11] . More than two-thirds of MDR-TB cases were resistant to ethambutol and therefore it is likely that in a majority of cases this drug will not be effective if it is added to a second-line drug regimen. HIV infection, which augurs badly for the prognosis in MDR-TB unless managed adequately, was infrequent. It is noteworthy that 44% Resistance to H only 5.5 of MDR-TB cases detected in this survey were not previously exposed to anti-TB drugs and such cases were reported from all administrative regions. Two-fifths of new MDR-TB cases were in individuals aged between 13 and 30 years, with a male to female ratio of 1.2:1. Drugresistance in cases not previously exposed to anti-TB drugs generally indicates primary infection with resistant strains and points to shortfalls in prevention. Its widespread occurrence in our study across regions, ages and sexes implies that transmission probably occurs in different settings, such as hospitals, prisons, and households.
Representative surveillance data from a number of settings in the world indicate that on average 9.0% of MDR-TB cases (95% CI: 6.7-11.2) have XDR-TB strains [1] . Among MDR-TB patients in Uzbekistan, the proportion of XDR-TB was lower (5.3%; 95% CI: 3.1%-8.4%) although the confidence interval overlaps with those of the global estimates. Nonetheless, two additional observations about the XDR-TB cases in this study have important inferences. Firstly, unlike the case with MDR-TB, the frequency of infection with XDR-TB strains was not different between new and previously treated MDR-TB patients. This indicates direct transmission of XDR-TB. Secondly, next to all XDR-TB patients were resistant to both classes of second-line injectable drugs, the aminoglycosides and the polypeptide capreomycin. This was higher than was found in a recent review [18] : it means that treatment options for XDR-TB patients are substantially compromised given that the injectable drugs -considered a mainstay of XDR-TB regimens [19] -are likely to be ineffective in most XDR-TB patients in the country.
Two social factors remained significantly associated with MDR-TB after adjustment: imprisonment and lack of home-ownership. Incarceration has been associated with MDR-TB elsewhere in the former Soviet Union [20] . This study has now documented this risk in a central Asian setting as well. Individuals who do not possess their house may be more prone to develop MDR-TB as a result of increased mobility and poor treatment adherence. In a subset analysis (data not shown), crude odds for MDR-TB were 1.5 times higher in unemployed patients when compared to those employed. Given that long-standing illness may reduce the chances of employment, this association may be in part an effect of MDR-TB rather than its cause.
Notifications of new sputum-positive TB cases in Uzbekistan have declined each year since 2006, from 7,211 that year to 4,198 in 2012 [1] . There is concern however, that this apparently promising trend may be accompanied by an increase in the prevalence of drug-resistant cases among the residual TB patients. In Uzbekistan, both drug-susceptible and drug-resistant TB patients have been treated in accordance with WHO-recommended guidelines for a number of years. DOTS first-line treatment regimens were piloted in the late 1990s and expanded to reach nationwide coverage by 2005. Since then, treatment success for new sputum-smear positive cases has been reported consistently at around 80%, but is lower in previously treated cases [1] .
All patients with MDR-TB detected in this survey were referred for treatment. In some sites, treatment could only be started when second-line drugs became available. Second-line drug treatment for MDR-TB patients is known to comply with international recommendations in [1] . About 80% of these cases would be expected to occur among new TB patients. These numbers do not include prevalent MDR-TB cases surviving from previous years and who would likewise be eligible for treatment.
This study had some limitations. While the overall number of cases enrolled in the survey approached the target aimed for at the design stage, the number of cases recruited into the survey as a proportion of cases notified varied between the administrative regions. This may have under-or over-represented the contribution of cases from certain centres to the overall estimate. For this reason, the study estimates were weighted by the TB cases actually notified during the second year of the study (differences between weighted and unweighted values were small). The study was designed to estimate the proportion of MDR-TB among a nationwide sample of new TB cases and was not powered to detect differences between other patient subgroups or the administrative divisions in Uzbekistan. Thus, statistically significant differences could only be discerned between regions with extreme values. The proportion of MDR-TB among previously treated TB cases as estimated in this survey is expected to be conservative given that previously treated patients who experienced a treatment failure in a year prior to the one of the survey were not included.
The validity of data collected by patient interview alone on problem use of alcohol and narcotics was open to question and so these data were not used in the final analysis. This precluded the investigation of associations with these potential risks. The missing data on HIV status in 6% of patients may also have been the reason why no significant relationship was found between HIV infection and MDR-TB, an association which has been noted elsewhere in countries of the former Soviet Union [8] . Although data on DST were missing for 110 eligible cases, when the estimates were recalculated after imputation of missing values only slight differences were noted. The 'missingness' of DST data was therefore considered to be at random. Finally, as the study was limited to sputum-smear positive TB cases, it is possible that the patterns of resistance in children and in sputum-smear negative disease may differ from the ones described in this study. This survey has identified some useful leads for future study. Geographic disparities in MDR-TB levels may reflect confounding by social variables but also differences in programme performance and variations in the pattern of circulating strains. The lack of association with some of the risk factors measured may be in part due to problems with validity of data and also the relatively small number of observations. These require further study, particularly migration which has been linked to TB in recent reports in central Asia [23, 24] . Migration from countries of the former Soviet Union to several European Union countries in the last decade has been marked [25] , and studies such as the current one underline the importance of continued surveillance for drug-resistance in the western Europe [12, 26] . Biochemical tests and expert interviewers may be needed to elicit valid answers to questions of a sensitive nature such as problem use of alcohol and narcotic drugs, lifestyles which have been associated with drug-resistant TB elsewhere in the former Soviet Union countries [27, 28] . Genotyping studies may be required to identify any linked clusters of HIVassociated MDR-TB. Meta-analysis combining individual patient data from similar studies in other countries could usefully increase the power to detect associations and could add to the current evidence-base on the influence of specific drugs on successful outcome in MDR-TB and XDR-TB patients [18, 29] .
In conclusion, the findings of this survey have an important bearing on the capacity of the national programme staff and their technical and financing partners to achieve universal access to adequate care for MDR-TB patients [30] . The implications are broad and point towards a need to expand ambulatory and inpatient facilities, the supply of second-line drugs, and safeguarding the quality of drugs [31] . Based on the findings of this study, and in line with Consolidated Action Plan to Prevent and Combat M/XDR-TB in WHO European Region 2011-2015 [32] , Uzbekistan is implementing a national action plan to prevent and combat M/XDR-TB. Patient adherence to first-line drug treatment may need strengthening. Early detection of drugresistant TB and institution of second-line treatment are crucial, as well as other infection control measures. The survey has served to improve the national laboratories' proficiency in undertaking culture and DST (first-and second-line) and LPA. The ongoing expansion in the use of LPA and Xpert MTB/RIF in Uzbekistan is expected to improve access for patient testing. Most cases with rifampicin resistance in this survey also had isoniazid resistance and therefore the positive predictive value of a rifampicin-resistant result for MDR-TB when using new rapid-diagnostic methods such as Xpert MTB/RIF is expected to be high [33] .
Since 2011, five new laboratories in the country have acquired the capability to undertake good-quality culture and one more will be able to perform DST reliably shortly. This is expected to increase the patient coverage of DST in Uzbekistan, including the previously untreated TB patients who, as in many other countries, harbour a substantial part of the MDR-TB caseload [34] . If coupled with an efficient electronic system of data capture this would also enable the use of data from routine diagnostic testing for drug resistance surveillance in the near future. Finally, given that international migration is expected to keep increasing in the future, greater efforts to reinforce surveillance and response to the challenge of drug-resistant TB in countries such as Uzbekistan are expected to benefit public health beyond the confines of this country's border.
